Cultures of MDCK II and human fibroblast cells were fed radioactive sphingosine and a radioactive GM3 ganglioside derivative containing a photoactivable group. The derived cell homogenates were treated with Triton X-100 and fractionated by sucrose-gradient centrifugation to prepare a detergent-insoluble membrane fraction known to be enriched in sphingolipid and caveolin-1, i.e. of caveolae.
In recent years, particular attention has been paid to cell membrane domains with peculiar lipid/protein compositions, i.e. to restricted membrane areas where the concentration and, or, nature of components is different than in the remainder membrane environment [1±5] . Owing to the improvement of fractionation techniques for the isolation of membrane domains [3±5] , information on the composition of these domains has grown rapidly. In particular, domains that are enriched in gangliosides, sphingomyelin, cholesterol, receptor and nonreceptor tyrosine kinases, heterotrimeric G proteins and G protein-coupled receptors, integral membrane proteins and porin have been characterized [6, 7] .
Gangliosides, sialic-acid-containing glycosphingolipids, are components of the outer lipid layer of cell plasma membranes. At the water/lipid interface, the individual ganglioside molecules occupy a large surface area due to their bulky oligosaccharide chain [8] . The presence of such a large hydrophilic moiety in the ganglioside structure, together with the possibility of forming a net of intermolecular hydrogen bonds via the amide group of sphingolipid sphingosine at the water/lipid interface, should promote the formation of rigid sphingolipid enriched domains [9±11] . Interactions between gangliosides and proteins [12] , such as those between GM3 and c-Src, Rho, FAK and Ras [13, 14] or between GD3 and Lyn [15] , specifically occur in the ganglioside enriched membrane domains and may be instrumental for the process of transmembrane signaling [16] .
A particular type of domain, both morphologically and compositionally characterized, consists of caveolae, flaskshaped invaginations of the plasma membrane, lacking clathrin coating, and characteristically enriched in caveolin-1 (CAV1), a 21-to 24-kDa integral membrane protein [17, 18] .
In this paper, we report a study performed with a combination of different experimental approaches aimed to obtain information on ganglioside-enriched domains in cultured MDCK II and fibroblast cells, where GM3 is the main ganglioside: feeding isotopically tritium labeled sphingosine to cells was performed to metabolically label sphingolipids; this was followed by characterization of the sphingolipid-enriched domains. Photolabeling experiments with a photoactivable radioactive derivative of GM3 were performed to follow the interaction processes occurring between gangliosides and CAV1 and to have information on the presence of GM3 in the caveolae and microscopical studies were performed to identify clusters of gangliosides at the cell surface.
M A T E R I A L S A N D M E T H O D S

Materials
The commercial chemicals were the purest available, common solvents were distilled before use and deionized water, obtained by a MilliQ system (Millipore, Bedford, MA, USA), was distilled in a glass apparatus. High performance silica gel precoated thin-layer plates (HPTLC Kieselgel 60, 10 Â 10 cm) were purchased from Merck GmbH (Darmstadt, ) from Amersham International (Bucks, UK); rabbit polyclonal anti-(CAV1) Ig sc-894 and protein G±Sepharose beads were from Santa Cruz Biotecnology Inc. (Santa Cruz, CA, USA); polyclonal anticaveolin Ig C13630 from Transduction Laboratories (Lexington, KY, USA); anti-GM3 mAb was provided by T. Tai (Department of Tumor Immunology, Metropolitan Institute of Medical Science, Tokyo); colloidal gold-conjugated protein A was from Pharmacia Fine Chemicals (Uppsala, Sweden); Vibrio cholerae sialidase, Bacillus cereus sphingomyelinase, rabbit anti-(mouse IgM) Ig, HRP-conjugated mouse anti-(rabbit IgG) Ig, trypsin, bovine serum albumin, tricine buffer, CLAP (chymostatin, leupeptin, antipain and pepstatin) and aprotinin were from Sigma (St Louis, MO, USA); poly(vinylidene difluoride) membranes for Western blotting were from Millipore (Bedford, MA, USA); Macrobdella decora ceramide glycanase was from Boehringer Mannheim (Mannheim, Germany). Ganglioside GM3 was prepared from bovine brain GM1 as described in [19] and sphingosine from cerebroside as described in [20] . MDCK II cells were kindly provided by K. Simons (EMBL, Heidelberg, Germany).
Preparation of radioactive gangliosides, sphingosine and standard compounds
Isotopically labeled GM3 containing tritium at position 11 of sialic acid, [11- 3 H(Neu5Ac)]GM3 (homogeneity over 99%; specific radioactivity, 2.3 Ci´mmol 21 ), was prepared by deacetylation of GM3 followed by N-acetylation with [
3 H]acetic anhydride [21, 22] . The GM3 derivative tritium-labeled at position 11 of sialic acid and containing an azide group in the modified acyl chain, [11- 3 H(Neu5Ac)]GM3-N 3 (homogeneity over 99%; specific radioactivity, 3.5 Ci´mmol 21 ), was prepared, for the first time, from natural GM3 according to the scheme of reactions shown in Fig. 1 [24] . 3 H-Labeled ceramide, sphingomyelin, phosphatidylethanolamine, lactosylceramide and ganglioside GD3 were extracted from [1- 3 H]sphingosine-fed cells (see below), purified, characterized and used as chromatographic standards.
Cell cultures
MDCK II cells were cultured to 80±90% confluence and human skin fibroblasts to confluence, as previously described [25, 26] . 3 and nonradioactive natural GM3 (1 : 10, mol/mol; this dilution with cold GM3 is necessary to reduce self quencing during illumination), were separately dissolved in methanol, pipetted into a sterile tube and dried under a nitrogen stream. Each residue was solubilized in an appropriate volume of prewarmed (37 8C) Eagle's minimal essential medium (EMEM), in the presence of 2% fetal bovine serum to obtain a sphingosine concentration of 3 Â 10 28 m, or, in the absence of fetal bovine serum, to obtain a ganglioside concentration ranging from 5 Â 10 27 m to 2.5 Â 10 25 m. After removal of the original medium and rapid washing of cells with EMEM, 5 mL of the medium containing the radioactive lipid was added to each 100-mm dish and the cells were incubated (pulse time) at 37 8C. The pulse with radioactive sphingosine was of 2 h and that with gangliosides of 4 h. After incubation, the radioactive medium was removed and the dishes were washed, first with EMEM solution (for 5 min), then (for 30 min) with 10% fetal bovine serum/ EMEM. Chase time was 48 h after feeding [ Treated cells were scraped off with a rubber policeman, centrifuged at 1000 g for 10 min and subjected to lipid and protein analyses or membrane fraction preparations.
Preparation of plasma membranes and detergent-insoluble membrane fraction
The preparation of plasma membrane subcellular fractions and detergent-insoluble membrane fractions was carried out according to described procedures [3, 4, 27] . Purified plasma membranes were prepared and used in some experiments to study plasma membrane proteins cross linked to GM3 by photolabeling experiments. The detergent-insoluble membrane fraction is prepared by sucrose gradient fractionation of a postnuclear cell fraction. All the gradient fractions were analysed for sphingolipid content and enrichment. The detergent-insoluble membrane fraction is known to be highly enriched, with respect to its protein content, of sphingolipids [4] and CAV1 [28] .
Cell lipid extraction and characterization
The different cell-derived preparations were subjected to lipid extraction [29] , resulting in a delipidized pellet and a total lipid mixture. Lipids were analysed by TLC, in comparison with standard compounds, followed by radioactivity imaging (see below). The main radioactive lipids were purified by the TLC blotting technique [30] and characterized by enzymatic and Fig. 1 . Scheme of the reactions for the preparation of radioactive and photoactivable GM3, [11- 3 H(Neu5Ac)]GM3-N 3 , from natural GM3. Reaction chemical conditions were those reported for the synthesis of [11- chemical treatments. In particular, gangliosides GM3 and GD3 dissolved in 50 mL water, were treated at 37 8C for 2 h with 1 mU of V. cholerae sialidase, to yield lactosylceramide, and both GM3 and lactosylceramide, respectively; the same GM3 and GD3, dissolved in 500 mL of 25 mm acetate buffer, pH 5, 0.075% sodium cholate, were treated at 37 8C for 18 h with 1 mU of M. decora ceramide glycanase, to yield ceramide. Sphingomyelin, dissolved in 30 mL of 100 mm Tris/HCl, pH 7.4, 0.5 mm MgCl 2 , 0.05% sodium deoxycholate, was treated at 37 8C overnight with 11 mU of B. cereus sphingomyelinase, to yield ceramide. Phosphatidylethanolamine, formed by recycling of the radioactive ethanolamine produced in the catabolism of sphingosine [31] , was characterized following its degradation under alkaline conditions. The reaction mixtures were separated by TLC (see below) and the reaction products identified by chromatographic comparison with standard lipids.
PAGE and Western-blotting analyses
The protein patterns in the cell homogenate, plasma membranes and detergent-insoluble membrane fraction were analyzed by SDS/PAGE and Western blotting. SDS/PAGE was carried out as described previously [18] using 12% polyacrylamide gel. 2D electrophoretic separation was performed with the BioRad Mini-protean II 2D system according to the manufacturer's recommendations; a 15% polyacrylamide gel was used for the second dimension. Western blotting was performed as reported previously [32] with minor modifications. The gel was soaked in the transfer buffer (10 mm Caps, pH 11, in 10% methanolic solution) for 5 min, sandwiched with a poly(vinylidene difluoride) membrane and transferred for 2 h at 200 mA at 4 8C. The poly(vinylidene difluoride) membrane was blocked overnight at 4 8C, with 1% BSA, 1% nonfat dry milk, in 10 mm Tris/HCl, pH 8, 150 mm NaCl, and incubated for 2 h at room temperature with rabbit anti-CAV1 IgG (1 mg´mL
21
) in the blocking solution, containing 0.05% Tween-20. After four washes with the blocking solution, the poly(vinylidene difluoride) membrane was incubated for 2 h at room temperature with mouse anti-(rabbit IgG) Ig, diluted 1 : 3000 with the blocking solution. Caveolin-1 was detected with the ECL method according to the manufacturer's instructions (Amersham). When homogenates and membrane fractions were analysed by SDS/PAGE, the radioactive lipids migrated at the electrophoretic front. Preliminary experiments showed that only a minor part of radioactive GM3 cross-linked lipids could be transfered to the poly(vinylidene difluoride) membranes under optimal conditions for protein Western-blotting analysis.
Immunoprecipitation with anti-CAV1
Immunoprecipitation with anti-CAV1 Ig sc-894 and C13630 was carried out as described [27] , with minor modifications. Briefly, cell homogenate and membrane fraction were lysed at 37 8C for 20 min with 500 mL of 25 mm Tris/HCl, pH 7.4, 150 mm NaCl, 1% Triton X-100, and 0.1% CLAP. The suspension was mixed with 30 mL of protein G±Sepharose beads and incubated for 2 h at 4 8C to preclear nonspecific binding. After centrifugation (1 min at 270 g), the lysate was incubated overnight at 4 8C with rabbit anti-caveolin Ig. After addition of 30 mL of protein G±Sepharose beads, incubation was continued for 2 h at 4 8C. Beads were then washed and proteins detached with the Laemmli buffer by heating for 10 min at 100 8C.
Determination of sphingolipid enrichment
The specific enrichment of sphingolipids in the different fractions has been referred to the protein content, i.e.:
Enrichment dXpXmX in fraction/dXpXmX in homogenate Â mg protein in homogenate/mg protein in fraction
Electron microscopy
For detection of ganglioside GM3 distribution over the cell plasma membrane, MDCK II cells were harvested, washed, fixed with 2% formaldehyde and incubated with anti-GM3 Ig (20 mg´mL 21 in NaCl/P i with 0.03% BSA) for 1 h. The cells were then washed three times with NaCl/P i containing 0.03% BSA and incubated with rabbit anti-(mouse IgM) Ig (1 : 10 in NaCl/P i , for 1 h at 4 8C) and then fixed with glutaraldehyde (1% in NaCl/P i for 1 h at 4 8C). After extensive washing in NaCl/P i , cells were labeled with colloidal gold-conjugated protein A. In separate and parallel experiments, cells were fixed with glutaraldehyde (1% in NaCl/P i for 1 h at 4 8C) immediately after the incubation with anti-GM3 mAb and before the secondary anti-(mouse IgM) Ig, as reported previously [33] . After washing, the cells were fixed with 2% glutaraldehyde, postfixed with 1% OsO 4 , dehydrated with ethanol, infiltrated with acetone, and embedded in Epon. Ultrathin sections were poststained with uranyl acetate and lead citrate, and examined under an electron microscope (Philips CM100).
Scanning confocal microscopy
MDCK II cells, grown on coverslip, were fixed with 2% formaldehyde in NaCl/P i for 30 min. After washing, cells were incubated in blocking solution for 30 min. Anti-GM3 Ig was added for 1 h, then, after three washes in NaCl/P i , the cells were incubated with fluoroscein isothiocyanate (FITC)-conjugated goat anti-(mouse IgG) Ig for 1 h. After washing, permeabilization was carried out with 0.5% Triton X-100 in NaCl/P i for 15 min. After three washes, anti-CAV1 Ig was added for 1 h, and subsequently Texas Red-conjugated goat anti-(rabbit IgG) Ig was added for 1 h. Cells were finally washed three times in NaCl/P i and then mounted upside-down onto a glass slide in glycerol/water (9 : 1, v/v) and analysed by scanning confocal microscopy in dual fluorescence configuration where the FITC (green) and the Texas Red (red) fluorophores were excited at 518 and 488 nm, respectively. Images were acquired through a confocal laser scanning microscope Sarastro 000 (Molecular Dynamics) adapted to a Nikon Optiphot microscope (objective PLAN-APO 60/1.4 oil) and equipped with argon ion laser set at a power of 1 mW. Images were collected at 512 Â 512 pixels with voxel dimensions 0.08 mm (lateral), 0.49 mm (axial). After having been processed with routines for noise filtering, serial optical sections were assembled in a depth-coding mode. Acquisition and processing were carried out using image space software (Molecular Dynamics).
Other analytical methods
TLC was performed with the solvent system chloroform/ methanol/0.2% aqueous CaCl 2 , 50 : 42 : 11 (v/v), to assess the homogeneity of radioactive GM3 and to analyse the enzymatic reaction mixtures, and with chloroform/methanol/ water, 55 : 45 : 10 (v/v), to assess the total lipid mixture compositions.
The radioactivity associated with total homogenates, membrane fractions, total lipid extracts and delipidized pellets, was determined by liquid scintillation counting. Radioactivity Structural characterization of sphingosine, GM3 and intermediates of the synthesis of radioactive and photoactivable GM3 was carried out by high resolution NMR spectroscopy [34] The protein content was determined according to Lowry et al. [35] , by the micro BCA kit (Pierce), and as dot spot revealed by Coomassie blue staining, using bovine serum albumin in the presence of sucrose, as the reference standard.
R E S U L T S
Experiments with [1] [2] [3] 
H]sphingosine
Fibroblasts feeding with [1- 3 H]sphingosine was carried out to study the sphingolipid enrichment, with respect to the protein content, in the detergent-insoluble (sphingolipid-enriched) membrane fraction.
[1-3 H]Sphingosine was taken up by fibroblasts very quickly, and entered, as expected [31, 36] the biosynthetic pathway of sphingolipids. In addition to sphingolipids, phosphatidylethanolamine became radioactive owing to recycling of the radioactive ethanolamine that derived from the portion of sphingosine undergoing degradation. The radioactive lipid pattern, sphingolipids and phosphatidylethanolamine, of fibroblast homogenate and detergent-insoluble membrane fraction prepared from fibroblasts, as determined by TLC and radioactivity imaging, is reported in Fig. 2, lanes 1 and 2, respectively. In the detergent-insoluble membrane fraction the sphingolipid radioactivity distribution was similar to that found in the homogenate. Figure 3A shows that the detergentinsoluble membrane fraction is highly enriched in sphingolipids, gangliosides (bar 1) and sphingomyelin (bar 2). The majority of cell proteins (bar 3) were located in the heavier fractions located at the botton of sucrose gradient, while the detergent-insoluble membrane fraction corresponding to fraction 5 contained only 2±3% of the total cell protein.
From five different experiments, the sphingolipid enrichment, referred to homogenate proteins, was 18^4-fold in the detergent-insoluble membrane fraction. The detergent-insoluble membrane fraction was, as expected [28] , also enriched in CAV1 protein (data not shown).
Photolabeling experiments with H(Neu5Ac)]GM3-N 3 MDCK II and fibroblasts cells were fed [11- 3 H(Neu5Ac)] GM3-N 3 for 4 h in the absence of fetal bovine serum. Then, the medium containing the ganglioside derivative was removed and the cells were carefully washed to remove loosely bound gangliosides [37] , and maintained in culture (chase) for 2 h or 24 h in the presence of fetal bovine serum and illuminated. The radioactivity associated with proteins by cross-linking with the radioactive GM3 derivative was studied in the total cell homogenate, in a plasma-membrane-enriched fraction or in a detergent-insoluble membrane fraction. After a 2-h chase, the cell radioactivity associated with lipids was about 90%, and that associated with proteins about 10% (Fig. 4, lanes 1 and 3) . After 24 h the two values became about 75% and 25%, respectively (Fig. 4, lanes 2 and 4) .
After a 2-h chase followed by illumination, a radioactive protein with an apparent molecular mass of about 20-to 25-kDa and behavior similar to that of CAV1 (Fig. 5) was one of the major radioactive proteins, about 50% of the total radioactive proteins, in both MDCK II and fibroblast cell lines. In some experiments, cells were treated with trypsin before illumination in order to remove the radioactive ganglioside derivative bound to cell surface proteins [37] . No differences in radioactivity intensity of the 20-to 25-kDa band was observed between trypsin-treated and untreated cells, suggesting that the 20-to 25-kDa protein is not be exposed at the cell surface. After 24-h chase, in both the MDCK II and fibroblast cell lines, the amount of the 20-to 25-kDa protein cross-linked to GM3 was very low (Fig. 5) . SDS/PAGE of the immunoprecipitate obtained by immunoprecipitation of the fibroblast homogenate with polyclonal anti-caveolin Ig showed a radioactive band of 20-to 25-kDa (Fig. 6 ). Figure 7 shows the 2D-PAGE separation of proteins of a plasma-membrane-enriched fraction prepared from MDCK II cells after a 2-h chase followed by illumination. Two main radioactive bands at molecular mass and pI similar to those of CAV1, 21-and 24-kDa integral membrane proteins were detected; these radioactive proteins were immunoprecipitated by the anti-CAV1 Ig. Thus the data suggest that the CAV1 proteins are cross-linked to GM3.
A large part of radioactive and photoactivated GM3 was found associated with the detergent-insoluble membrane fraction prepared from fibroblast cells, but a part of the radioactivity was also found associated with the heavier fractions (Fig. 3B, bar 1) . As determined in the cell homogenate, the detergent-insoluble membrane fraction prepared from fibroblast cells subjected to 2-h chase contained a much higher level of radioactive CAV1 cross-linked to GM3 than that prepared from cells subjected to a 24-h chase (Fig. 4, lanes 5  and 6) .
Photolabeling experiments were carried out using the mixture of [11- 3 H(Neu5Ac)]GM3-N 3 /natural GM3 (the dilution of the photoactivable derivative with the natural ganglioside is necessary to reduce self quencing during illumination) at a concentration of 2.5 Â 10 25 m. Reducing the H(Neu5Ac)]GM3-N 3 /natural GM3 concentration to 5 Â 10 26 m led to a reduced cell association of radioactivity but did not change the time-dependent process of GM3 crosslinking to CAV1 (data not shown).
Experiments with 
H(Neu5Ac)]GM3
Feeding with H(Neu5Ac)]GM3 was performed on cells to establish the radioactivity content of proteins by recycling of sialic acid [38] . This is a control experiment necessary to compare the radioactivity associated with proteins from recycling of sialic acid to that from crosslinking with GM3 after photolabeling experiments with H(Neu5Ac)]GM3-N 3 . The radioactivity associated with cell proteins in cells fed H(Neu5Ac)]GM3 and subjected to 2-and 24-h chases was about 1 and 19% of the total cellassociated radioactivity, respectively. SDS/PAGE of cells subjected to a 24-h chase shows that mainly high molecular mass radioactive proteins were labeled (Fig. 5 ). Radioactive proteins with molecular mass in the range of 15±30 kDa were not detected. Similar results were obtained following the recycling of sialic acid in an experiment performed with H(Neu5Ac)]GM3-N 3 carried out under dark conditions to avoid transformation of the azide group into nitrene and the following cross-linking processes (data not shown). The radioactivity associated with high molecular mass proteins in cells fed [11- 3 H(Neu5Ac)]GM3-N 3 , subjected to 24-h chase and illuminated, was about 28% of the total cell-associated radioactivity. Thus, from the data on the recycling of radioactive sialic acid, we calculated that about 30% of the high molecular mass radioactive proteins detected in the 24-h chase photolabeling experiment were radioactive by crosslinking with GM3 and about 70% by recycling of the [11- 3 H(Neu5Ac)]GM3-N 3 radioactive sialic acid. The largest part of radioactive GM3 was found associated with the detergent-insoluble membrane fraction prepared from fibroblast cells (Fig. 3B, bar 2) . Figure 8 shows the distribution of ganglioside GM3 in the plasma membranes of MDCK II cells. The figure shows, as revealed by immunoelectron microscopic analysis, an uneven distribution of GM3 in the plasma membrane. The gold immunolabeling, seen as 18-nm dark spherical particles, appeared as clusters over the cell plasma membranes. Control experiments were performed by fixation with glutaraldehyde after the addition of the anti-GM3 mAb and before the addition of the second antibody in order to avoid the possibility that the clustered distribution might result from cross-linking by secondary antibody of only partially immobilized ganglioside molecules. The GM3 clusters were seen close to caveolae structures (arrows in the insert), but no GM3 could be detected in caveolae. Figure 9 shows the scanning confocal microscopy of MDCK II cells after anti-CAV1 and anti-GM3 immunolabeling. Cells appear to be stained in red by anti-CAV1 and in green by anti-GM3. By overlapping the two images and analysing the resulting colors only a very small proportion of the image was colored in yellow, the result of the addition of red with green, i.e. of GM3 and CAV1. This means that colocalization of GM3 and CAV1 in caveolae does not occur, or occurs to a very small extent.
Microscopy experiments
Thus, the microscopy study suggests that in if GM3 is present in caveolae, it occurs at very low levels.
D I S C U S S I O N
It has been reported [27, 39, 40] that caveolae and caveolae-like domains of some cells contain gangliosides and that the membrane surface occupied by these domains is enriched, with respect to the remaining membrane surface, in some gangliosides, suggesting that caveolae could be part of sphingolipid domains or one of the sphingolipid domains. Ganglioside GM1 was found to be component of the caveolae in A-431 cells [39] and GM1, but not GD1a, was found in the caveolae-like domains in polarized epithelial cells [40] , by microscopical studies. Other reports [27] suggest that gangliosides administered to cells for a short time enter cells, becoming components of caveolae of both MDCK II and A-431 cells. More recently, a detergent-insoluble, ganglioside-enriched membrane fraction prepared from tumor cells was further fractionated into two fractions, one enriched in CAV1 and cholesterol, with a low content of sphingomyelin and lacking GM3, the other enriched in sphingolipids [28] .
In this study, by combining biochemical and microscopical experiments, we show data that suggest that in cultured MDCK II and fibroblast cells, caveolae and ganglioside GM3-enriched domains are two distinct domains, both present in a detergent-insoluble membrane fraction [4] . Moreover, due to the fact that GM3 is the main cell ganglioside (see also below), caveolae at most contain gangliosides in low quantities.
Fibroblast cells were fed isotopically radiolabeled sphingosine and photoactivable radioactive GM3, and then subjected to the preparation of a detergent-insoluble membrane fraction that is known to be enriched in sphingolipids [4] and caveolae [28] .
The metabolic labeling of cells with radioactive sphingosine confirmed that sphingolipids are segregated in membrane microdomains. In fact, the larger part of the metabolically radiolabeled sphingolipids in the cell was found in the detergent-insoluble membrane fraction (Fig. 3) .
Experiments with the radioactive and photoactivable GM3 were carried out with the aim to detect proteins present in the ganglioside environment. In previous papers, we treated MDCK II [27] and fibroblast cells [23] with a photoactivable GM1 derivative. By a short pulse±chase experiment, a 21-to 24-kDa membrane protein was cross-linked by the GM1 derivative in both cell lines. This protein was demonstrated to be CAV1 in MDCK II cells. This suggested that GM1 was mainly located in caveolae; however, as GM1 is a minor component of both MDCK II and fibroblast cells, ganglioside GM3 was choosen for these studies because it is the main ganglioside in MDCK II cells (over 90%) [41] , and in the human fibroblast line (about 70%) [31] . This should more closely mimic in the behavior of the endogenous gangliosides in these cells. Moreover, we now prolonged the pulse±chase time up to 28 h (4-h pulse followed by 24-h chase).
A large proportion of both radioactive and photoactivated GM3, independent of the chase time, was found associated with the detergent-insoluble membrane fraction, where CAV1 (the characteristic protein of caveolae) was found cross-linked to radioactive GM3 derivative. However, following an extension of the chase time from 2 to 24 h, only trace amounts of radioactive CAV1 protein could be observed. Thus, the crosslinking of GM3 to CAV1 can be considered a transient process.
After a 24-h chase, a large part of GM3 derivative is still at the plasma membrane, as confirmed by the very high crosslinking to membrane lipids (see Fig. 4 ). This is in agreement with previous data suggesting that the half-life of gangliosides in fibroblasts is about 2±3 days [31, 42] . The cross-linking between GM3 and CAV1 is determined by the location of the ganglioside in the caveolae, thus the low level of radiolabeling of the CAV1 after 24-h chase could be determined by: (a) the passage of the GM3 derivative from the caveolae to the ganglioside domains, where the majority of gangliosides are located; and (b) a rapid turnover of caveolae that contain only a minor part of GM3 derivative; our data do not allow to distinguish between the two processes. Nevertheless, they suggest that the GM3 derivative probably enters caveolae in an nonspecific way, and that after ganglioside feeding, some time is necessary to have the final cell membrane ganglioside organization. Thus, our data suggest that ganglioside GM3 domains and caveolae, both present in a detergent-insoluble membrane fraction, are dinstinct domains and that caveolae contain at most a low amount of gangliosides.
Experiments based on the administration of gangliosides to cells have been used to study the effects exerted by gangliosides on cell membrane proteins or to study ganglioside metabolism, on the basis that gangliosides taken up by the cells are considered to assume the same orientation and organization of endogenous gangliosides [43, 44] . Experiments based on the administration to cells of ganglioside derivatives, used as specific probes, require some care and should be performed in combination with other biochemical experiments to validate the results. In fact the behavior of the ganglioside derivative can be different to that of the natural compound. The behavior of radioactive and photoactivable GM3 was quite similar to that of natural GM3 and after cell feeding it was found largely in the sphingolipid membrane fraction (Fig. 3) . Nevertheless, a proportion of it was found associated with the heavier membrane fractions, suggesting some differences in the ganglioside±cell interactions. Thus, we performed microscopy experiments to support our hypothesis that GM3 ganglioside domains and caveolae are separate domains.
Ganglioside domains were detected on the plasma membrane by electron microscopy (Fig. 8) , and these domains were well separated from caveolae, where we did not find goldimmunostained gangliosides. Of course, care is necessary in interpreting this result. In fact, if the quantity of gangliosides in caveolae is too low, it is possible that the anti-GM3 Ig cannot bind GM3. The scanning confocal microscopy ( Fig. 9) suggests a low level of CAV1 and GM3 colocalization; note that the resolution of this kind of image is not high enough confirm this.
Previous investigations [43, 44] have led to the concept that gangliosides enter the plasma membrane as monomers. A specific role of proteins in mediating the uptake process by the cell plasma membranes was never demonstrated. On the other hand, CAV1 is unlikely to mediate the entry of gangliosides into the cell plasma membranes because it is a component of the plasma membrane inner layer [5] . Therefore, we consider that gangliosides administered to cells enter the cell plasma membranes largely by interacting with CAV1, i.e. with caveolae, but with time and in a large enough amount they reach the membrane sphingolipid domains that do not contain caveolae.
Glycosphingolipids are amphiphilic compounds characterized by a very large hydrophilic head group, the oligosaccharide chain. Therefore, from the geometric point of view a large surface area is necessary to accept the glycosphingolipid monomer at the water/lipid interface of the membrane [9] . According to this, a domain enriched in gangliosides will display a membrane geometry characterized by a partially convex curvature [45] . Thus the flask-shaped invagination of caveolae is not an ideal shape for containing endogenous gangliosides or accepting exogenous gangliosides. Of course, this geometric difficulty could be overcome by energy consumption. The portions of caveolae that could be considered ideal for gangliosides could be the edges of invagination, where membrane domains with convex curvatures are also available. Although we do not have direct data, we could also consider the possibility that a cell-mediated increase of the membrane gangliosides can mediate the formation of the caveolae, for example by beginning the formation of the edges of the flaskshaped invagination.
